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Abstract 
This paper presents the design and deployment of an innovative and high standard school bus service developed for Lisbon. The 
design of the new service introduces an integrated procedure based on traditional formulations of the School bus routing problem, 
a Mixed Integer Linear Programming (MILP). The adopted solution divided the problem in two steps: a first step that identify the 
most suitable concentration points of students, and a second step that computes the optimal routes serving those stops. The paper 
discusses the definition of the system standards, the optimisation results, as well as some issues raised during its deployment. 
Keywords: School bus services; Minxed Integer Linear Programming (MILP); School bus routing problem; Vehicle routing problem; bus service 
deployment. 
1. Introduction 
School bus routing problem (SBRP) has been thoroughly studied in the field of Operations Research since his 
first appearance in a publication by Newman and Thomas (1969), formulated as a variation of the traditional Vehicle 
Routing Problem (VRP). However, the research over this problem remains current as most real world applications 
present different system configurations and specific constraints (Park and Kim, 2010). 
A detailed review on this family of algorithms shows that there is no dominant approach to solve this problem, 
being closely related with other types of problems as the routing and scheduling of vehicle and crew (Bodin et al., 
1983), the rural postman problem (Eiselt et al., 1995) and the multi-objective vehicle routing problem (Jozefowiez et 
al., 2008). 
According to the comprehensive literature of Park & Kim (2010), SBRP formulations available in the literature 
are normally developed into a multi-steps procedure, normally considered separately and sequentially. The authors 
identify five main steps in the existing algorithms and applications to real case studies: data preparation, bus stop 
selection (student assignment to stops), bus route generation, school bell time adjustment (just used in multi-school 
systems), and route scheduling. 
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Although these sub-problems are highly interrelated, usually they are treated separately due to their high 
complexity and size of the problem (NP-Hard). Some authors have combined the bus stop selection and bus route 
generation steps, using a location-routing problem approach, a highly NP-Hard problem (Nagy and Salhi, 2007). 
Due to high NP-Hard nature of the SBRP and its sub-problems, only relatively small-sized problems are solved 
by exact approaches, requiring the use of methaheuristics for large scale problems. In recent years, many 
metaheuristics have been proposed for combinatorial optimization problems (i.e. Simulated Annealing (SA), 
Deterministic Annealing (DA), Tabu Search (TS), Genetic Algorithms (GA), Ant Colony Optimizations (ACO), and 
Neural Networks (NN). Nevertheless, only a few papers have applied metaheuristics to SBRP (Corberan et al., 
2002; Ripplinger, 2005). 
Although SBRP is generally based on a multi-school based system, a large number of papers focus on a single-
school problem, not only due to the reduction of the model complexity, but mainly derived from the convenient 
deployment applied to a single school at a time. Yet, the fleet required for the whole system may be examined 
globally. Based on previous experiences and implementations in several cities (Bowerman et al., 1995; Braca et al., 
1997; Chen et al., 1988; Dulac et al., 1980; Geem, 2005; Li and Fu, 2002; Rashidi et al., 2009; Schittekat et al., 
2006), this paper presents an alternative MILP formulation of a single school SBRP, using exact solution methods 
(branch and bound), that was developed on the study phase of the creation of a new school bus system for the city of 
Lisbon. The paper does also describe a small example of the implementation of the model solutions, and discusses 
the relevance of considering additional local constraints of the study area on the formulation of the problem. 
The remainder of the paper is organized as follows: Section 2 describes the framework of project that led to the 
development of a new school bus system in the city of Lisbon. Thereafter, the paper focuses on the formulation of 
the optimisation problem (Section 3) and a small example of the implementation of the system and the refinements 
introduced to the solutions prior to its deployment (Section 4). Finally, Section 5 discusses the results of the model 
formulation and its implementation, and the future challenges of the project. 
2. A new school bus system for the city of Lisbon 
The municipality of Lisbon undertook in 2009 a new mobility project that aimed the implementation of a new 
bus system for public elementary schools, which, in the case of Portugal, includes students between the age of 6 and 
9 years old. This project was born within a context of renovation of the schools building stock and concentration of 
some old small schools in new facilities with greater capacity. This process generated a significant increase of the 
number of students that were not able to daily walk to school, which was being covered initially by some local 
projects of bus companies performing sporadic services, barely planned or coordinated, leading to large costs. 
In 2009, the municipality realised that was an increasing need for creating a new planned and optimised school 
bus system, which could allow reducing the costs significantly and simultaneously provide better service to the 
students that had to use. 
Having in mind a future full coverage of the city of Lisbon with this new service, the municipality launched this 
year a pilot study for a group of schools, which at that time, already had some accessibility problems and that the 
municipality was providing supplementary services to transport students to the school at high costs. 
The municipality ordered then the design of a high standard optimised school bus system that would be free for 
all the students that fall within the eligibility standards. The main concepts behind this system were: 
x The development of optimised commuter circuits (home-school and school-home) with dedicated vehicles; 
x Use the same vehicles for non-academic activities of students of all the elementary public school system, as the 
Swimming Program, which comprehends almost all the students of the public education system that attend to 
swimming classes at public swimming pool facilities once per week; 
x Only students residing more than 6 minutes walking time from their school, inside the influence area of the 
school and located further than 6 minutes walking time from another school will be entitled to use the service; 
x The vehicles used to perform the commuter service should be only assigned to a single school; 
x High quality standards in terms of walking distances and time for students to their assigned bus stop (maximum 
walking distance to the assigned stop of 6 minutes), the time spent on board the vehicle (maximum on board 
tome of 30 minutes), small vehicles with capacity smaller than 28 students plus the supervisor (minibus 
vehicles); and the vehicles used to perform this service should present high CO2 emissions standards (Euro IV 
regulation – applied to all the vehicles after 2005). 
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Using the set criteria of student eligibility and service standards, an initial aggregate assessment led to an 
estimate of approximately 6,000 students that could potentially use this service, requiring a fleet of 166 minibuses. 
A sensitivity analysis to some of the parameters of the system was developed in order to understand which 
parameters could lead to a significant reduction of the system costs. The parameter of the service specification that 
led to greater changes of the system demand and estimated costs was the set maximum walking time of students to 
the school or concentration points. Figure 1 illustrates how the demand of the system may evolve with the change in 
the definition of this value, presenting high values of elasticity until maximum walking times around 15 minutes, 
which would reduce the estimated required bus fleet to 29% of the current system specifications (48 minibuses). 
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Figure 1 Map of the schools and their catchment’s areas for the Pilot and Expansion Project 
The pilot project included 3 elementary schools (see Figure 2), serving a total of 166 students in their daily 
commute from home to school and from school to home, representing 33.20% of the total students of the schools 
and 75.11% of the students that were eligible for the service. 
In 2010, the project moved from the pilot to an expansion phase, keeping the initial schools served by the system, 
and increasing the system capacity from 9 to 16 minibuses, allowing serving 4 new schools from other city areas. 
The new schools included in the project were selected using a multi-criteria compensatory model, composed by two 
main indicators: sum of the walking time from home to school of students greater than 6 minutes, sum of the travel 
time in public transport from home to school of students greater than 15 minutes. These indicators tried to measure 
the difficulty of students to access their assigned public school, allowing sorting the schools and estimate the 
expected demand of the school bus system in each school (in number of students and the required number of buses, 
based on the parameters obtained in the pilot study). 
The 4 new schools selected were the ones at the top of the rank that allowed with the additional 7 minibuses to 
serve more students, promoting the efficiency of the system in allocating resources. The schools selected for the 
pilot study in the previous year presented an interesting placement inside this sorted list. The greater school (School 
nº1) was the second in the ranking, while the other two schools were not placed in the top 20, indicating that some 
of the assumptions to select the schools in the previous year were not the most suited. Nevertheless, these schools 
were maintained in the system for consistency of service reasons, avoiding giving a bad image of the system by 
changing each year the target schools. 
After this expansion, the system is currently serving 342 students of 7 schools in their daily commuting, 
approximately 50% of the eligible students, dropping significantly the value observed in the previous year. This 
value may be derived from the fact that some of the selected schools are located in high income neighbourhoods (an 
attribute not considered in selection process), less willing to use the service instead of using the private car. 
Figure 2 shows the location of the schools with service and their influence area after the expansion project. These 
schools present significantly wide influence areas and disperse location of students. 
The system will expand to the rest of the city of Lisbon in the following years. The potential demand was initially 
estimated in approximately 1,200 students in 27 elementary schools, requiring approximately 40 buses to perform 
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this service. This initial assessment shows that the current expansion phase is only at approximately 25% of the full 
system dimension, which must be achieved in the next 3 years. 
 
Figure 2 Map of the schools and their catchment’s areas for the Pilot and Expansion Project 
3. The School bus routing problem formulation 
The model has an individual formulation for each school due the service definition imposed by the municipality 
that did not want the same bus to serve several schools. The total solution of the problem for the study area will then 
result from the aggregation of the individual solutions for each school.  
The initial problem formulation considered a location distribution problem, where the location of stops, students 
assignment to stops and the multi-vehicle routing and scheduling is performed in a single optimisation model. Due 
to the high combinatorial nature of this problem (NP-Hard), even for a small case study as a single school, we used a 
sequential optimisation process, based on the formulations available in the literature relying on branch and bound 
methods (global optimisation). The model was then formulated in a two steps approach: stop location problem and 
students’ assignment to stops and the bus routing problem. These two steps of the algorithm are preceded by the 
creation of all the input data required for the problem. 
The next sections will present the procedures followed to generate the required data inputs to the model, and 
then, the formulation of the two step of the developed SBRP. 
3.1. Data preparation and inputs of the model 
The first step into the SBRP problem formulation is the data preparation, which includes: 
x Geocoding of the address of all the potential users of the system; 
x Selection of potential stops location in all street corners; 
x Modelling of the pedestrian network considering altimetry variation (Digital elevation Model- DEM) using GIS 
tools. The estimation of travel times between each student address and all the possible stops in the area at less 
than 6 minutes walking time using a GIS network shortest path algorithm; 
x Modelling of the road network with a the definition of all the street links attributes for capacity and travel time 
estimation, characterization of the intersection and peak hour OD matrix for the city of Lisbon; 
x Running a macroscopic traffic assignment model to estimate travel times in all the links and nodes of the network 
under congested conditions of the peak hour. Compute the shortest path, under these conditions, between all the 
potential stops, including in this set the depot and school location. 
All the data gathered and generated for the model was obtained through a database of the Lisbon municipality 
with the address of all the students attending to the public educational system. Therefore, no survey was conduced to 
obtain the accessibility perception to schools from students and their parents, being used as reference the estimates 
of walking travel time resulting from the GIS pedestrian network modelling. 
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The quality of the input data produced is a key component to an easy transition from the model results to reality, 
which can be considerably jeopardised if the model assumptions and simplifications are not able to reproduce the 
reality of the case study. Even though, as presented latter in the paper, there is a large set of local refinements that 
should be introduced to the model results prior to its deployment, which may alter significantly the initial results. 
3.2. Stop location and students assignment to stops problem formulation 
The stop location and students assignment problem formulation was based on a traditional capacitated p-median 
problem, which aims to minimise the walking distance of students to stops, given the capacity of each stop (set by 
the bus capacity), and the maximum walking time of a students to its assigned stop. 
The mathematical formulation of the problem is the following: 
Sets: N = {1,…,C} set of all the nodes of the pedestrian network, where C is the maximum number of nodes; P = 
{1,…,K} set of all the residential locations of students, where K stand for the total number of the students. 
Decision variables: Yj: binary variable for the existence of a stop in node j є N; Xij: binary variable that sets the 
assignment of students i є P to the stop created in node j є N; Zj: integer variable that represents the number of 
students that are assigned to a stop located in node j є N. 
Data: Dij: matrix that represents the walking time, not considering altimetry in the pedestrian network, between 
students i є P residential location and the node j є N of the pedestrian network; Lij: matrix that represents the walking 
time, considering altimetry in the pedestrian network, between students i є P residential location and the node j є N 
of the pedestrian network; Ti: array that represents the walking time, considering altimetry in the pedestrian network, 
between students i є P residential location and the school; Xpi .and Ypi .that stand for the coordinates of the door of 
the building where student i є P resides. 
Constants: tmax: maximum walking time, not considering altimetry variations in the pedestrian network that is 
acceptable for students to walk from their home to the stop; cmax: maximum number of students that can take the bus 
at the same stop; pmax: maximum number of stops that the system can generate. 
With this notation, the objective function is described by the following expression: 
¦ ¦
 
uu 
Nj,Pi Nj,Pi
ijijijij XL5.0XD5.0)WD(Min  (1) 
where the value of the objective function is an even weighted contribution between the total walking time of 
students to their assigned bus stops, with and without considering altimetry variations in the pedestrian network. 
This solution space is subject to the following constraints: 
¦

 
Nj
ij Pi  1X  (2) 
Ensures that each student is assigned to one of the bus stops generated; 
NjPiYX jij d ,   (3) 
Guarantees that a student could only be assigned to a bus stop that exists; 
bababjaj YpYpXpXpPbaXX   ?d ,,   (4) 
Ensures that all the students that reside in the same building are assigned to the same bus stop, avoiding spatial 
inconsistencies and that students from the same household to use different stops; 
NjPitDX ijij du ,  max  (5) 
Ensures that the travel time of each student to the bus stop does not the exceed the maximum established value;  
¦

d
Pi
ijj NjXZ    NjcYZ jj ud   max  (6) 
Computes the used capacity of each created bus stop and ensures that the bus stop capacity is not exceeded;  
¦

d
Nj
j  pY max  (7) 
Ensures that the total number of stops generated is not greater than the maximum number of stops established. 
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3.3. Multi-bus routing problem formulation 
The formulation of this problem was based on a Multi-vehicle routing formulation with stops scheduling included 
in the same model. The algorithm intends to minimise the daily operational costs of the service, which derive from 
the number buses used for the service and the total travel time, constrained to the service specification. 
The mathematical formulation of the problem is the following: 
Sets: N = {1,…,C, Depot, School} set of all the bus stops where students are picked up/dropped off, plus the initial 
and final stops (depot and school), where C is the total number of stops; P = {1,…,C, School} set of all the bus stops 
where students are picked up/dropped off, plus the final stop (school); S = {1,…,C} set of all the bus stops where 
students are picked up/dropped off; V = {1,…,K} set of the available vehicles to use in the routing problem. 
Decision variables: Yik: integer variable that represents the number of student that are picked up/dropped off at stop 
i є N by vehicle k є V; Zik: integer variable that represents the number of student that are on board the bus at stop i є 
P by vehicle k є V; Bijk: binary variable that identifies if i є N precedes j є N in the route of vehicle k є V; Hik: real 
variable that defines the pick up/drop off time in stop i є P by vehicle k є V; ijkB : binary variable symmetric to Bijk; 
Uk: binary variable that identifies if vehicle k є V it was used to transport students. 
Data: Dij: matrix that represents the travel time estimates during the peak traffic hour to travel from stop i to stop j, 
i,j є N; Ai: array with the number of student that are picked up/dropped off at stop i є S. 
Constants: tmax: maximum time that a student can be on board a bus; smax: latest arrival time of any bus to the 
school; smin: earliest arrival time of any bus to the school; cap: transport capacity of the buses. 
With this notation, the objective function is described by the following expression:   ¦¦

uu 
Vk
kt
Vk
ijkijijkijt  Uvehicle BDBDminl Cost)Min (Trave coscos  (8) 
where mincost is a parameter that defines the unitary transport cost by minute, and vehiclecost the unitary cost of the 
availability of one bus. The objective function computes the daily operational costs of the system. 
This solution space is subject to the following constraints: 
VkSjB
Ni
ijk  ¦

,  1  (9) 
Ensures that each bus stop is visited one time by one bus of the available fleet; 
VkSjB
Ni
ijk d¦

,  Uk  (10) 
Guarantees that each bus does not enter the same stop more than once; 
VkSiB
Nj
ijk d¦

,  Uk  (11) 
Guarantees that each bus does not leave the same stop more than once; 
VkB
Ni
kSchooli t¦

  Uk,,  VkB
Nj
jkDepot t¦

  Uk,  (12) 
Ensures that all the used buses have a stop in the Depot;  
VkNiB jkSchool  ,   0,  VkNiB kDepoti  ,   0,,  (13) 
Ensures that any bus route passes by the School (final stop) and Depot (initial stop) for the morning formulation; 
VkB kSchoolDepot     0,,  (14) 
Ensures that no direct path between the depot and the school is created for any bus; 
VkSiBB
Nj Nj
jikijk  ¦ ¦
 
,      (15) 
Ensures the continuity of flow in the intermediate bus stops; 
VkSjiBijk d ,,  1Bjik  (16) 
Avoids the formation of cycles for the intermediate bus stops; 
  VkP,i  BcapAcapZ Depot,i,kiik ud  (17) 
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Ensures that the bus starts the circuit with no student on board in the first stop; 
¦ ¦
 
 
Vk Si
kSchool AZ    i,  (18) 
Ensures that total number of students arriving to the school is equal to the system demand; 
VkP,ji  BcapcapAZZ ijkijkik ut ,  (19) 
Ensures that the total number of students boarded after bus stop i is greater than the number students on board in the 
previous stop plus the number of students that boarded in i; 
VkP,i  BAY
Ni
ijkiik u ¦

 (20) 
Ensures that the total number of students boarded in bus stop i is equal to the demand of that stop; 
Pi  BAPt
Ni
ijkit u ¦

 (21) 
Computes the travel time lost in each stop derived from the deacceleration, acceleration and boarding of the students 
in the stop. The parameters used in the equation were based on (Braca et al., 1997);   VkSji  BDMPtHDBH ijkiDepotjikijijkjk uuu ,,1,  (22) 
This constraint sets the schedule of j in the route of bus k. The value computed is only active if there is a direct path 
between i and j, otherwise a relaxation to this constraint is introduced by parameter M set with a high value; 
VkSi  tHH ikkSchool d ,max,  (23) 
Ensures that the maximum travel time of a student on board established the bus is not exceeded;   VkSi  BDMPtHBDH ijkiDepotikDepotijkiDepotik uuut ,1,,,  (24) 
This constraint set the earliest departure time of bus k from the depot; 
Vk sH kSchool t min,  Vk sH kSchool d max,  (25) 
Ensures that a bus does not arrive to the school before the earliest arrival time and after the latest arrival time set; 
Si  AY
Vk
iik  ¦

 (26) 
Ensures that the total number of student that boards a bus at any stop is equal to total demand of the system; 
VkSji BU ijkk t ,,  (27) 
Ensures that there is only paths between stop i and j for vehicle k, if the bus is active; 
Vk  capY
Si
ik d¦

 (28) 
Ensures that the capacity of each bus is respected. 
4. The model implementation 
In this section we will present the results of the algorithm developed for one school for the 2010/2011 (School 
nº1). We present the several steps of the algorithm, the estimated initial configuration of the system derived from the 
optimisation procedure, and after, the adaptation to the obtained result for the real implementation. These 
adaptations started by moving the stop location from the original street corner to reduce traffic disturbance. For that 
we had to consider: finding a safe location to the stop close to the original one; finding a place to locate the stop sign 
(i.e. lighting post); taking into consideration traffic safety constraints (i.e. pedestrian crossings); and special 
locations which require a dedicated close stop. 
Some adaptations were also included in the estimated routes, in order to account some additional constraints to 
the shortest path. These constraints were: avoiding densely congested areas, which may lead to unreliable schedules; 
and avoiding street with frequent double parking areas or very narrow streets, which may block the bus circulation. 
The presented models were computed using a computer with 4 GB of RAM available, leading in all the examples 
to exact solutions in less than 1,000 seconds. 
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4.1. Initial demand estimation 
The school selected to analyse in this paper (School nº1), presented in 2010, 225 students residing inside its 
influence area, 187 of them were entitled to ask for the commuter school bus service (approximately 83% of the 
initial set), from which 118 manifested their interest to use the service (approximately 52% of the initial set). The 
spatial distribution of the students used to design the service of School nº1 is presented in Figure 3, along with the 
estimated network walking time for all point of the influence area of the school. 
Figure 3 shows a high concentration of students demanding the service in the west and southwest side, which do 
not have any school closer, while in the east and north side of the study area, which present each one a school 
nearby, the demand is very low and scattered. This last fact affected considerably the formation of stops in the next 
step due to the low concentration of students in same area, requiring more stops than initially predicted. 
 
Figure 3 Spatial distribution of the residential location of students that use school bus service (School nº1) 
4.2. Location of stops and students assignment to stops 
In this section we present the results from the stop location problem and the assignment of students to the 
different stops for the School nº1. The algorithm formed 13 different stops, presenting a great variation of the 
number of students assigned to each stops, ranging from stops reaching their maximum capacity, to stops with a 
single student (see Figure 4). This configuration will have a significant impact on the following step of the model, 
due to the formation of routes with a single stop, while other routes will present several stops to fill up the bus. The 
obtained value for the objective function was a total of 290 minutes. 
 
Figure 4 Results of the stop location and the assignment of students to stops step (School nº1) 
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4.3. Multi-bus routing 
In this section we present the results of the bus routing step. The parameters used in the objective function for the 
model computation were: mincost=0.0945 euros/min and vehiclecost=45.45 euros/day. The model created 6 different 
routes, having as original the depot also the school. This consideration allows combining some of the resulting 
routes, reducing the number of required buses to perform the service from 6 to 4 with a small post-processing 
combination of routes and re-adjustment of bus schedules to allow then to perform more than one service inside the 
available time-window (8:30-9:00 for the morning period). The characteristics of each route are summarised in 
Table 1, were we can observe and average occupation of the bus of 19 students (76% of the capacity), and that some 
routes could be aggregated and share the same bus (e.g. routes 2-5 and routes 5-6). The obtained value for the 
objective function was 204.75 euros per day. After this final step, we had the optimised specification for School nº1. 
Table 1 Summary of the Multi-bus routing step (School nº1) 
Route Travel time (min) Students transported Bus code 
1 28.63 13 1 
2 22.14 24 2 
3 22.18 21 3 
4 17.58 25 4 
5 16.28 14 2 
6 14.50 21 4 
4.4. Local refinements to the model results prior to the service deployment 
This section presents some of the local refinements introduced to the optimised solution previously presented, in 
order to ensure and efficient and steady operation. 
The refinements introduced to the locations of stops produced significant re-arrangements to the initial solution. 
The changes were mainly derived from the difficulties of the buses to circulate in the narrow streets of a borough 
located in the northwest area. This fact led a concentration of the four stops into two possible locations that could 
allow easy and safe circulation of the buses, producing also some schedules’ re-arrangements in order to avoid the 
crossing of buses in the area, which could block the operation. These changes produced a significant increase to the 
original value of the objective function of the stop location and students assignment problem (approximately 20%), 
but allowed ensuring a more reliable operation of the system that could be oftenly blocked inside this borough. 
The adaptations introduced into routing phase were less significant and led to a small increase of the objective 
function (1.11%), due to the greater weight in the objective function of the used number of buses, which did not 
change. Nevertheless, some routes observed a considerable increase in travel time. Table 2 presents a summary of 
the changes, which were very significant in route 5, due to an adjustment on the route’s path to avoid two 
consecutive narrow streets with double parking issues, which could turn to the service operation very unreliable. 
This change introduced a penalty of approximately 50% to the initially estimated travel time and also an adjustment 
to the bus-routes combination, avoiding the need of an extra bus. 
Table 2 Summary of the bus routes changes after the introduction of local adjustments (School nº1) 
Route Travel time (min) Percentage of travel time increase (%) Bus code 
1 30.41 6.22% 1 
2 22.51 1.70% 2 
3 22.57 1.74% 3 
4 18.95 7.80% 2 
5 24.19 48.57% 2 
6 14.74 1.65% 4 
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5. Results discussion and future developments 
This paper illustrates the development of a new school bus system for the city of Lisbon, using a SBRP 
formulation. The current approach is grounded in similar problem formulations available in the literature for single 
school problem, using a two steps approach to locate stops and assign students and run a multi-vehicle routing 
problem to serve the spatially distributed demand. The results show the ability of the model to obtain exact solutions 
for single school medium size problems. 
The paper also explores how to move from the optimisation results into the deployment of the service in a real 
context, which led to some local refinements the initial solution found. The adjustments introduced intended more 
steady and acceptable solutions for the users, avoiding locating the stops in areas not reachable by the bus or without 
safe pedestrian access, but also evading passing through congested areas or delay points that would turn the service 
schedules unreliable. The obtained results show that these changes might produce significant changes to the initial 
system design, showing that some of these local constraints, normally elapsed in the model formulation, should be 
introduced in the model in the form of binary constraints or penalties to the objective function. The introduction of 
these constraints in the model requires more detailed data from the case study, increasing considerably the pre-
processing time of these optimisation models. Furthermore, working with Pareto front solutions, instead of a single 
optimal solution, may also enhance the easy deployment of the obtained results by the optimisation model. 
The expansion of the School bus system to the whole city of Lisbon and the service consolidation may require in 
the future, significant adaptations to the optimisation problem to evolve to more stable routing solutions, 
incorporating uncertainty to the demand estimation process. The problem formulation may advance to a maximum 
covering/shortest path problem formulation (Current et al., 1985). 
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